This paper represents a new computer calculating method for cylindrical symmetry cavities. This method can calculate not only the fundamental mode and longitudinal modes but also the transverse higher modes.
Introduction
The reentrant cylindrical cavities is used in high power klystron, some solid-state devices and electron storage ring. The calculating method of this kind of cavities has been introduced by many papers.
In recent years, the computer code SUPERFISH is widely used for axisymmetric cavities of arbitrary shape, which is very succesful, but the SUPERFISH can calculate the axisymmetric rf field only, i.e. for 3E/4 = o,MH/9a4 = 0 condition. On principle, it can evaluate longitudinal higher modes and cannot evaluate transverse higher modes. Of course, we can use finite element method to calculate three dimensional field, but the capacity of computer required will be too large and the expenditure of computer time is too great. It is not suitable for engineering use.
Principle and Fundamental Equations
In SUPERFISH and other calculating methods, in general, aE/9ao = 0, 3H/ a, = 0, i.e. for axisymmetric fields was assumed. In this condition, along 4 direction fields are not varied, so the three dimensional problem can easily represented by two dimensional fields and two independent sets of solutions can exist: TE mode having three nonzero field components Eo,Hr,Hz, and the TM mode Ho, Er 
The cylindrical double reentrant axisymmetric cavities is symmetry from left to right and from up to down. So calculating 1/4 section is enough.
For z = 0 axis, the field distribution can exist in two possible forms, odd symmetry or even symmetry.
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At z = 0 plane the boundary condition is (25) A is the coefficient matrix. The characters of A are sparse, most of the elements are zero and the elements on diagonal line are superior in numbers, and all the elements on diagonal line aii > 0. It can be turned to a symmetric matrix approximately, so the successive over relaxation method can be used.
In calculating process, at first the initial vector is given and the 1st eigenvalue U1 is found. Then cl can be found from (30). At the next step, let U-c11 U be the initial vector and the 2nd eigenvalue U2 can be found.
Similarly, let U-cl 1 -c2U2 be the initial vector, U3 can be found.
Step by step we can find the higher eigenvalue in due order.
The Result of Calulation
For checking this prescribed calculating method, we calculate an empty cylindrical cavity with a relative coarse mesh. The calculating result is in accord with analytic solution fairly well. It proves that this calculating method and formulas mentioned above are corrected and feasible.
The resonant frequency of each mode can be calculated with Rayleigh quotient. Multiply U both side of equation (12) 
